Abstract: This study examined the effects of whole-body vibration (WBV) on the hormone and lipolytic responses. Eight male subjects performed WBV and control (CON) trials on separate days. The WBV session consisted of 10 sets of vibration for a duration of 60 s with rest periods of 60 s between each set (frequency 26 Hz). The subjects maintained a static squat position with knees bent on the platform. In the CON trial, the WBV stimulation was not imposed. Blood samples were collected before both trials and during the recovery period. In the WBV trial, the concentrations of plasma epinephrine (Epi) and norepinephrine (NE) increased immediately Whole-body vibration (WBV) has been developed recently as a neuromuscular training method. During WBV training, a subject stands on a platform while maintaining a static position or performing dynamic exercise with an extra load. The subject is exposed to vertical sinusoidal vibration stimuli at frequencies from 18 to 45 Hz [1, 2] . These mechanical stimuli will elicit reflex muscle activation [3] that results in neurogenic adaptation [4] . A single bout of WBV exposure improves the maximal jump height [4], power output, and muscular strength of activated muscles [5] [6] [7] , and causes reduction of chair-raising time for elderly people [8] . Chronic studies have revealed significant increases in maximal strength following 12 wk [2] and 24 wk of WBV training [9] , but some studies have shown no meaningful effect [10] .
after the session (P < 0.05). Serum free fatty acids (FFA) concentration increased significantly at the 150, 180, and 210 min points of the recovery period in the WBV trial (P < 0.01) with the interaction between trial and time (P < 0.01). Serum glycerol showed no significant change in either trial. These results suggest that the WBV session causes secretions of Epi and NE, and it subsequently increases FFA concentration during the recovery period. However, because the FFA response was inconsistent with that of glycerol, we were unable to clarify the effect of WBV exposure on lipolysis. [The Japanese Journal of Physiology 55: [279] [280] [281] [282] [283] [284] 2005] Key words: growth hormone, catecholamine, free fatty acids, glycerol.
of a training program with combined resistance and endurance exercises is widely recommended to control body weight and reduce body fat [13] . Lipolysis during endurance exercise is stimulated primarily by catecholamine release and is suppressed by insulin [14] . Alternatively, lipolysis is not strongly stimulated during general resistance exercise sessions. However, exercise-induced secretions of catecholamine and growth hormone (GH) might enhance lipolysis during the recovery period [15] . It has been reported that resistance exercise causes prolonged enhancements of resting oxygen consumption and lipid metabolism for several hours after a single exercise session [16, 17] , and these are partially related to elevated catecholamine and residual hormone effects, including GH [15] . A GH infusion to healthy individuals increases the serum free fatty acids (FFA) and glycerol concentrations with maximal elevations of 120-160 min after infusion [18] . These findings suggest that exercise-in-duced catecholamine and GH secretions play a role in lipolysis during the recovery period.
Bosco et al. [4] demonstrated that a 10 min WBV session significantly increases serum GH and testosterone. It is interesting that the magnitude of GH response to the WBV session was comparable to a sprinting exercise [19, 20] , heavy resistance exercise with several exercises [21] , and GH infusion resulting in marked lipolysis [22] . Thus the GH secretion following a WBV session might augment lipolysis during the recovery period. However, no studies have examined the effects of acute WBV exposure on lipid metabolism.
Therefore this study was intended to examine the effect of a single bout of a WBV session on hormone and lipolytic responses. We hypothesized that the WBV exposure would cause strong catecholamine and GH responses, subsequently increasing blood FFA and glycerol concentrations during the recovery period.
METHODS

Subjects.
Eight healthy male students (mean ± SE: age 23.4 ± 0.9 years; height 175.2 ± 1.1 cm; body mass 77.8 ± 3.3 kg; body fat 22.1 ± 1.1%, BMI 24.6 ± 2.2) participated in this study. All subjects were physically healthy, but were not involved in a regular exercise program. They were informed about the experimental procedure and the purpose of this study. Subsequently, their written informed consent was obtained. This VA. *Significant difference from baseline value in the WBV trial (P < 0.05). †Significant difference from corresponding value in the CON trial (P < 0.05). N = 8 for lactate and GH. One datum for Epi and NE was uncollectable (N = 7 for Epi and NE).
study was approved by the Ethics Committee for Human Experiments at the Institute of Health and Sport Sciences, University of Tsukuba. Vibration procedure. The subjects visited the laboratory on three occasions during the experiment period. The first session was prepared for familiarization with the WBV equipment. During the second and third sessions, the subjects came to the laboratory at 8:00 a.m. following overnight fasting. They performed two trials (WBV or CON) in random order, separated by approximately seven days. In the WBV trial, the subjects maintained a static squat position on the platform with a knee angle of 120° (180° at full extension) and were exposed to a vertical WBV stimulus by using a special device (Galileo 900, Novotec Medical GmbH, Germany). The vibration frequencies were set at 26 Hz (amplitude 2.5 mm). The stimulation protocol consisted of 10 sets of vibrations for 60 s with rest periods of 60 s between sets [4] . During the rest periods, the subjects rested on chairs. In the CON trial, they completed the same protocol as in the WBV trial, but the WBV stimulation was not imposed. The vibration stimulation was conducted from 8:30 to 8:50 a.m. All subjects were asked to wear gymnastic-type shoes to avoid bruises.
Blood sampling and protocol for measurements. The subjects rested for 30 min before the first blood collection. Venous blood samples were obtained from an indwelling cannula in the antecubital vein before (baseline), at 0 min (immediately after the session), and at 20, 60, 90, 120, 150, 180, and 210 min after each session. From the obtained samples, blood lactate, plasma epinephrine (Epi) and norepinephrine (NE), and serum GH were measured at baseline and at 0 and 20 min after the session. The concentrations of serum FFA, glycerol, and lipase were measured at baseline and at 60, 90, 120, 150, 180, and 210 min after each session (the FFA concentration was also measured at 0 and 20 min after each session). Plasma and serum samples were stored frozen at -85°C until analyses. Plasma concentrations of Epi and NE were measured by high-performance liquid chromatography (Tosoh Corp., Japan). The sensitivity of these assays and interassay and intra-assay coefficients of variation (CV) were 6.0 pg/ml, 2.7, and 2.0% for Epi and 6.0 pg/ml, 2.4, and 1.3% for NE. The serum GH concentration was measured by radioimmunoassay (RIA) with kits from Daiichi Radioisotope Laboratories, Ltd., Japan. The GH assay sensitivity was 0.5 ng/ ml, and the interassay and intra-assay coefficients of CV were 3.6% and 3.4%, respectively. Serum FFA and glycerol were measured by use of the enzymatic method (Eiken Chemical Co. Ltd., Japan, and Wako Pure Chemical Industries Ltd., Japan). These interassay and intra-assay coefficients of CV were 0.2% and 0.9% for FFA and less than 5.0% for glycerol. Blood lactate concentration was measured with an automatic lactate analyzer (YSI1500 Sport; Yellow Springs Instrument Co. Inc., USA).
Statistical analysis. Data are expressed as means ± SE. A two-way (trial × time) analysis of variance (ANOVA) was used with repeated measure followed by Tukey's post hoc test. The responses of serum FFA, glycerol, and lipase were also assessed with the area under the time-concentration curve (AUC). The AUC were calculated by using a trapezoidal method from the 60-to 210-min points of the recovery period. For the AUC data, paired t-tests were applied. P < 0.05 was considered significant. Figure 1 shows acute changes in blood lactate, plasma Epi and NE, and serum GH concentrations during two types of trials. No significant difference was seen in the baseline values (before each session) of lactate and hormones between trials. Blood lactate concentration increased slightly after the WBV session (0.8 ± 0.1 mmol/l to 1.4 ± 0.2 mmol/l, ns), but no significant difference was observed at any point between the WBV and CON trials. In the WBV trial, the concentrations of Epi and NE showed significant increases immediately after the session (Epi, 26.7 ± 5.4 pg/ml to 38.0 ± 5.0 pg/ml, P < 0.05; NE, 288.0 ± 38.7 pg/ml to 456.4 ± 89.8 pg/ml, P < 0.05), with a significant difference in NE between trials (P < 0.05). No significant difference was found in Epi and NE concentrations in the CON trial. Although serum GH concentration increased slightly after the session in both trials, no significant difference was found at any point between trials. Moreover, no significant difference was apparent in the peak values of GH between trials (WBV trial, 4.6 ± 1.7 ng/ml; CON trial, 2.8 ± 1.2 ng/ml). Figure 2 shows changes in serum FFA concentration during two types of trials. No significant difference was found in the baseline value of FFA between trials (WBV trial, 0.39 ± 0.04 mEq/l; CON trial, 0.41 ± 0.05 mEq/l). In the WBV trial, FFA concentration showed a gradual increase after the 60-min point, with significant differences at the 150-min, 180-min, and 210-min points compared to the baseline value (P < 0.01). In the CON trial, no significant change was found in FFA throughout the recovery period except for the 150-min time point (P < 0.05). As a result, a significant interaction effect (time × trial) was found for the FFA response (P < 0.01). No significant difference was found between trials (WBV trial, 104.5 ± 10.2 mEq/l; CON trial, 101.6 ± 12.5 mEq/l) when the total FFA response during the recovery period was assessed with the AUC. Figure 3 shows changes in serum glycerol concentration during two types of trials. No significant difference was found between trials for the baseline values of glycerol (WBV trial, 4 ± 1 mg/dl; CON trial, 3 ± 1 mg/dl). Glycerol concentrations showed no significant change throughout the recovery period in either trial, with no significant difference at any point between trials (interaction effect, P = 0.185). Furthermore, when assessed with the AUC, no significant difference between trials was apparent (WBV trial, 722 ± 122 mg/ dl; CON trial, 596 ± 13 mg/dl).
RESULTS
No significant difference was found between trials for the baseline values of serum lipase concentration. During the recovery period, the concentration of lipase showed significant decreases after the 60-min point in both trials (WBV trial, 32 ± 4 to 27 ± 3 IU/l, P < 0.01; CON trial, 29 ± 5 to 25 ± 4 IU/l, P < 0.01), whereas no significant difference was apparent at any point between trials (interaction effect, P = 0.274). No significant difference was found between trials when it was assessed with AUC (WBV trial, 4084 ± 462 IU/l; CON trial, 3848 ± 527 IU/l).
DISCUSSION
The major finding of this study was that a single bout of a WBV session enhanced acute Epi and NE secretions and subsequently increased serum FFA concentration during the recovery period. However, no significant difference was apparent in glycerol response between trials. In this study, although the WBV protocol resembled that of a previous study [4] , no marked GH secretion was observed after the WBV session.
Bosco et al. [4] demonstrated that a 10-min WBV session increased concentrations of serum GH and testosterone significantly and reduced cortisol concentration. Among these hormones, GH is known to have a powerful lipolytic effect [22] . It is responsible for a gradual increase of blood FFA and glycerol concentrations and a concomitant shift of metabolism toward fat oxidation [15, 23] . The present study used a similar device, frequency and duration for vibrations as Bosco's study [4] . Moreover, the WBV session was conducted at a similar time of day (8:30 a.m.) to reduce the effects of diurnal variation of GH secretion between studies. As a result, the value of serum GH was increased slightly after the WBV session. However, no significant change was found in comparison to the baseline value (Fig. 1) . Both the central nervous system and the peripheral factors (e.g., metabolite accumulation within working muscles) might be involved in the regulation of hypothalamic hormones, including GH [24, 25] . During the WBV session, enhancements of hormone secretions might be primarily Values are means ± SE, and P value indicates the interaction between time and trial (WBV or CON), analyzed using ANOVA. **Significant difference from baseline value (P < 0.01). *Significant difference from baseline value (P < 0.05). Although the values at 0 min and 20 min after each session are not shown, these are included in the statistical analysis using ANOVA. caused by central factors because the metabolic stress within working muscles is not great. The reason for different results between previous and present studies remains unclear, but the subjects' characteristics might be related. In Bosco's study [4] , physically active athletes participated as subjects, whereas the subjects of the present study were not engaged in regular physical activities or sports training. The exercise-induced hormonal responses would be strongly affected by physical characteristics [26] and training status [19] . Some studies have shown that the trained men can induce larger responses of GH compared to untrained men [27] . It is therefore possible that the magnitude of central activation to the WBV stimuli differs between athlete subjects and nonathlete subjects. These might be responsible for a smaller GH response in the present subjects. However, the greater individual variation of GH response in Bosco's study [4] should be noted. We anticipated that a WBV session would stimulate secretions of catecholamine and GH and subsequently enhance lipolysis, resulting in increased FFA and glycerol concentrations of blood. In the WBV trial, serum FFA concentration increased gradually after the 60-min point of the recovery period, with a significant interaction effect (trial × time, Fig. 2 ). These results are partially consistent with our hypothesis and suggest that the WBV session stimulates lipolysis during the recovery period. This lipolysis enhancement might be caused by Epi and NE secretions seen immediately after the WBV session (Fig. 1) . However, the secretions of these hormones were not great in comparison to those of heavy resistance exercise [28] or prolonged cycle ergometer exercise [29] . Moreover, the delayed time course of FFA response was consistent with that seen after the GH administration, rather than catecholamine [18] . Figure 1 shows that no significant increase was found in GH concentration after a WBV session, but we could not determine its peak level attributable to the frequency of blood sampling for GH concentration. Thus we were unable to exclude the gradually increased circulating GH level after the 20-min point of the recovery period in the WBV trial. On the other hand, the response of glycerol showed no significant interaction effect (trial × time; Fig. 3) . The inconsistent responses between FFA and glycerol remain unexplained, but these indicate that the interpretation of lipolysis in the WBV trial needs precaution. Moreover, FFA in the CON trial slightly increased after the session, with significant difference at the 150-min point compared to baseline (P < 0.05). Serum lipase decreased significantly during the recovery period in both trials. These were unexpected results, and more research with measurements of other hormones (e.g., insulin) should be conducted.
Some evidence exists in relation to the effects of WBV training on enhancing neuromuscular performance [2, 6] . Also, a recent study has addressed favorable effects on bone density, indicating its potential availability for preventing and treating osteoporosis [30] . However, no previous studies have established the long-term effects of WBV training on the improvement of body composition, especially reducing body fat. In fact, no significant reduction in body fat was found after 24 weeks of WBV training [9] . Verschueren et al. [30] examined the effects of WBV training with squat exercises on body composition. Results have shown that the WBV training group did not engender a greater reduction of fat mass compared to that of another group after a 6-month training period. Previous and present findings indicate that WBV training is unlikely to cause a great reduction of body fat. This is not unexpected because cardiovascular stress during the WBV session is mild and the energy expenditures might be equal to those during walking at moderate intensity [3, 9] .
In conclusion, this study showed that a WBV session caused moderate secretions of Epi and NE, and subsequently increased FFA concentration during the recovery period. In contrast, no effect of WBV sessions was noted on the responses of GH and glycerol.
Although WBV training appears to be a simple and useful exercise intervention for enhancing neuromuscular performance, we were unable to clarify its effectiveness on lipolysis.
